Aim. The aim of this study was to evaluate the role of the Lys751Gln (rs13181) ERCC2 gene polymorphism in clinical parameters and the risk for development of ovarian cancer. Material and Methods. The study consisted of 430 patients with ovarian cancer (mean age: 53.2 ± 10.11) and 430 healthy subjects (mean age: 50.31 ± 18.21). Analysis of the gene polymorphisms was performed using the PCR-based restriction fragment length polymorphism (PCR-RFLP). The odds ratios (ORs) and 95% confidence intervals (CIs) for each genotype and allele were calculated. Results. The results obtained indicate that the genotype Gln/Gln is associated with an increased risk of ovarian cancer (OR 5.01; 95% CI 3.37-7.43; < 0.0001). Association of Lys751Gln polymorphism with histological grading showed increased ERCC2 Gln/Gln (OR = 6.96; 95% CI 3.41-14.21; < 0.0001) genotype in grading 1 as well as Gln allele overrepresentation (OR = 4.98; 95% CI 3.37-7.40; < 0.0001) in G1 ovarian patients. Finally, with clinical FIGO staging under evaluation, an increase in ERCC2 Gln/Gln homozygote frequencies in staging I and Gln allele frequencies in SI were observed. Conclusion. On the basis of these results, we conclude that ERCC2 gene polymorphism Lys751Gln may be associated with an increased risk of ovarian carcinoma.
Introduction
The system of DNA repair takes part in maintaining the genomic integrity which undergoes changes under exo-and endogenous factors. There were more than 130 DNA repair genes identified, in which a series of single nucleotide polymorphisms (SNPs) were discovered [1] . In order to define the role, which may be played by these variants in modulating the risk of cancer formation, it is necessary to define their functional significance. The variability, perceived in DNA repair genes, may be of clinical importance for evaluation of the risk of occurrence of a given type of cancer and its prophylactics and therapy.
The repair process usually encompasses two stages: the excision of lesion and the repair synthesis. This is how the repair system acts via base-excision repair (BER), nucleotide excision repair (NER), and mismatch repair (MMR). Totally converse is the repair system activity by direct lesion reversal, in which there is merely a single-stage process with maintained integrity of the DNA phosphodiester chain and the system of recombination repair (HR).
A NER system removes short DNA oligonucleotides containing a damaged base [2] . NER recognizes bulky lesions caused by carcinogenic compounds and covalent linkages between adjacent pyrimidines resulting from UV exposure. NER is a multistep process involving multiple proteins such as ERCC1, ERCC2, ERCC3, ERCC4, PCNA, RPA, XPA, and p53. Because NER is involved in removing a substantial amount of DNA damage, which can contribute to the genome instability, it is reasonable to check whether variability in the genes 2 Advances in Medicine coding for NER products may be associated with ovarian cancer.
Xeroderma pigmentosum complementation group D (XPD), also called excision repair cross-complimentary group 2 (ERCC2), is one of the most important low-penetrant genes which is located at chromosome 19q13.3 and involved in the nucleotide excision repair (NER) pathway and removes certain DNA cross-links, ultraviolet photolesions, and bulky chemical adducts.
ERCC2 gene is highly polymorphic. An A → C polymorphism in ERCC2 codon 751 of exon 23 leads to Lys → Gln amino acid substitution (Lys751Gln, rs13181) that is associated with a DNA damage repair phenotype.
Many epidemiological studies with the aim of identifying the role of ERCC2 polymorphisms in the risk of various cancers have been done and different association between Lys751Gln polymorphism and the risk of lung cancer [3] [4] [5] , glioma [6] , colorectal cancer [7] , breast cancer [8, 9] , and esophageal squamous cell carcinoma [10] has been reported.
In the reported study, the interest of the authors was focused onto the studies of the Lys751Gln polymorphism of ERCC2 gene in a group of patients with ovarian cancer and in a group of healthy people. The Lys751Gln polymorphism of ERCC2 gene was selected on the basis of literature data, which are highly suggestive of its correlations with ovarian cancer [11] [12] [13] . In patients with ovarian cancer, evaluated by Wu et al. and Kang et al., the Lys751Gln polymorphism was associated with cancer development [11, 12] . In ovarian cancer subjects, described by Vella et al., polymorphisms in the ERCC2 gene (Lys751Gln and Asp312Asn) positively affect the response to therapy with carboplatin/paclitaxel [13] . Therefore, more research is needed to better understand the possible biological mechanisms of development and the role of Lys751Gln polymorphism in this rare, neoplastic transformation process.
The aim of this study was to analyze the frequency of alleles and genotypes of Lys751Gln (rs13181) in ERCC2 with an attempt to determine the impact this polymorphism exerts on ovarian cancer.
Materials and Methods

Patients.
Formalin-fixed paraffin-embedded (FFPE) tumour tissue specimens were obtained from women ( = 430) with ovarian carcinoma, treated at the Department of Surgical Gynaecology and Gynaecologic Oncology, Institute of Polish Mothers Memorial Hospital, between 2000 and 2012. We enrolled only women born and living in central Poland (Łódź region). The distribution of sociodemographic features of the study participants is shown in Table 1 . Study subjects were interviewed using questionnaire that included sociodemographics, medical history, health related information, alcohol consumption, smoking status, menstrual and reproductive histories, and hormone replacement therapy (HRT) use. All of the studied individuals were Caucasians and constituted a homogenous population from the same ethnic and geographical origins. Body mass index (BMI) was calculated based on current weight in kilograms divided by height in meters squared. Drinking habits were categorized in terms The Local Ethical Committee approved the study and each patient gave a written consent for participation in the study.
DNA Isolation.
Genomic DNA was prepared using QIAamp DNA FFPE Tissue Kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer instruction.
Genotype Determination.
The PCR-restriction fragment length polymorphism (PCR-RFLP) method was used to detect the genotypes of the Lys751Gln polymorphisms as described previously [14] . Primers (forward: 5 -CTGCTCAGCCTGGAGCAGC-3 , reverse: 5 -TAGAATCAGAGAGAGGAGACGCTG-3 ) were applied to assess SNP Lys751Gln (rs13181). The 25 L PCR mixture contained about 100 ng of DNA, 12.5 pmol of each primer, 0.2 mmol/L of dNTPs, 2 mmol/L of MgCl 2 , and 1 U of Taq DNA polymerase (TaKaRa, Japan). PCR products were electrophoresed in a 2% agarose gel and visualised by ethidium bromide staining. All PCR was carried out in a DNA Thermal Cycler PTC-100 TM (MJ Research, Inc., Waltham, MA, USA). After an initial denaturation at 95 ∘ C for 5 min, 35 cycles of amplification with denaturation at 95 ∘ C for 30 s, annealing at 62 ∘ C for 30 s, and extension at 72 ∘ C for 30 s were performed, followed by a final extension step of 7 min at 72 ∘ C. The PCR product was digested overnight with 1 U of PstI (Fermentas, Vilnius, Lithuania) at 37 ∘ C. The cleavage with PstI produced fragments of 161, 161/120/41, and 120/41 bp corresponding to the Lys/Lys, Lys/Gln, and Gln/Gln genotypes of the ERCC2 gene, respectively.
Statistical Analysis.
The observed numbers of each ERCC2 genotype were compared with those expected for a population in Hardy-Weinberg equilibrium by using the Chisquare (
2 ) test. Genotype and allele frequencies in cases and controls were compared by 2 test. Logistic regression analysis was used to compute odds ratio (OR) and associated 95% confidence interval (95% CI) relating Lys751Gln SNP as well as combinations of Lys751Gln SNP and other analysed factors presented in Table 1 to the risk of ovarian cancer. values <0.05 were considered significant. All the statistical analyses were performed, using the STATISTICA 6.0 software (StatSoft, Tulsa, Oklahoma, USA).
Results
The distribution of genotypes and the frequency of alleles of ERCC2 gene in patients and controls are presented in Table 2 . An association (OR 5.01; 95% CI 3.37-7.43; < 0.0001) was found between the Gln/Gln genotype of the Lys751Gln polymorphism of ERCC2 gene and ovarian cancer occurrence. Variant 751Gln allele of ERCC2 increased cancer risk (OR 3.61; 95% CI 2.92-4.45; < 0.0001).
The observed genotype frequencies of ERCC2 Lys751Gln SNP in the controls were in agreement with Hardy-Weinberg equilibrium ( > 0.05), but the observed genotype frequencies of ERCC2 Lys751Gln SNP in patients were not in agreement with Hardy-Weinberg equilibrium ( < 0.05). It is caused by the very low abundance of the Lys/Lys genotype in the examined Polish population.
Histological grading was related to ERCC2 polymorphism. Histological grades were evaluated in all the cases ( = 430). Grades 2 and 3 were accounted for together for statistical analysis (see Table 3 ). An increase was observed, regarding Gln/Gln homozygote frequency (OR 6.96; 95% CI 3.41-14.21; < 0.0001) in grade 1 patients, according to FIGO criteria. Moreover, ovarian cancer patients in G1 had an overrepresentation of Gln allele (OR 4.98; 95% CI 3.37-7.40; < 0.0001).
Clinical FIGO staging was also related to ERCC2 Lys751Gln polymorphism (Table 4 ). An increase was observed, regarding Gln/Gln homozygotes frequency (OR 9.96; 95% CI 4.40-22.60; < 0.0001) in stage I patients, according to FIGO classification. A tendency for an increased risk of ovarian cancer progression was observed with the occurrence of Gln allele (OR 6.59; 95% CI 4.27-10.19; < 0.0001) of ERCC2 polymorphism.
Our data did not demonstrate any statistically significant correlation between ERCC2 polymorphisms and the risk factors for ovarian cancer, such as BMI (body mass index), smoking status, alcohol consumption, family history of cancer, pregnancy, ascites, HRT, size of tumour, menarche, and the women with ovarian cancer "data not shown".
Discussion
An attempt was undertaken in the presented study to determine whether single nucleotide polymorphism in the DNA repair pathway (ERCC2-Lys751Gln) was associated with the risk of ovarian cancer in Polish women. DNA is regularly damaged by endogenous and exogenous mutagens. 
ERCC2-Lys751Gln
Patients ( = 430) C o n t r o l s (= 430) OR (95% CI) The genes involved in DNA repair and in the maintenance of genome integrity play a crucial role in providing protection against mutations that may lead to cancer [15] [16] [17] [18] [19] . The DNA repair pathways play a vital role in protecting against gene mutation caused by carcinogenesis, among which the nucleotide excision repair (NER) pathway is one of the important DNA repair systems. The nucleotide excision repair system removes short DNA, damaged base-containing oligonucleotides [2] . NER is a multistep process, involving numerous proteins, and is classified into global genome repair (GG-NER), which occurs in the genome, and transcription-coupled repair (TCR), which removes lesions in the transcribed strand of active genes. The ERCC1 gene is important in repairing DNA damage and genomic instability and is involved in the nucleotide excision repair pathway. Single nucleotide polymorphism Lys751Gln (rs13181) is one of the most widely studied genetic markers in ERCC2 and its role in various cancers' development is evident [20] . Exchange of 751 Lys for Gln in the ERCC2 gene can lead to a conformational change in the encoded protein at the domain of the interaction between ERCC2 and its helicase activator, p44, inside the TFIIH Complex [21] . The Gln/Gln genotype has been associated with an increased risk of lung carcinoma [5] and correlated with higher risk of breast, bladder, and skin cancer [8, 9, 22, 23] . Single nucleotide polymorphisms, as important genetic biomarkers, have been reported to be related to altered gene expression and protein activity. ERCC2 Lys751Gln SNP is associated with suboptimal DNA repair capacity [24, 25] . From the current point of view, it seems to be more important to analyze the studies focusing on the effect of ERCC2 Lys751Gln polymorphisms in ovarian cancer. Some studies have suggested that low ERCC2 expression is associated with increased chemotherapeutic sensitivity and thus considered a predictive marker for patients with ovarian cancer receiving combination gemcitabine and cisplatin chemotherapy [13] . The researchers found also the association between ERCC2 Lys751Gln polymorphism and lower DNA repair capacity. The time to ovarian cancer progression was significantly higher in gemcitabine/cisplatin-treated patients with the Lys751Gln genotype than in those with the Lys751Lys genotype [13] . Vella et al. reported that the combination of ERCC1 and ERCC2 genotype is associated with risk of ovarian carcinoma [13] . The Chinese researchers found also the association between ovarian cancer and Advances in Medicine 5 ERCC2 Lys751Gln polymorphism [11] . Yet, to our knowledge, there are no reports that assess the effect of this genetic alteration on the risk of ovarian cancer in Polish population.
Our results indicate that the Lys751Gln polymorphism of ERCC2 gene deserves particular attention. In the studies on a series of 430 DNA samples from patients with ovarian cancer, originating from an ethnically homogenous population, we found a relationship of the studied polymorphisms with endometrial cancer occurrence. We demonstrated that 751Gln allele was associated with risk for the neoplasm. The ERCC2-Gln/Gln genotype increased 5 times the risk of ovarian cancer formation. Additionally, some important connections with grading (G1) and staging (SI) of ovarian carcinoma were presented. Our study was performed on an ethnically homogenous population, which may improve our knowledge, regarding to what extent the genotype-phenotype relationship variations are population related.
Our results are in line with the data from other reports, introducing an important role of ERCC2 Lys751Gln polymorphism in ovarian carcinoma occurrence. Similar to our observation, the recent reports demonstrate that ERCC2 Lys751Gln genotype seems to be associated with an elevated ovarian cancer risk [11] .
In conclusion, our results indicate that the ERCC2 Lys751Gln SNP may be involved in the susceptibility of ovarian cancer in the Polish population. Further research on SNP in ovarian carcinoma is warranted to obtain more conclusive outcomes.
